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Abstract

We presen t observa t iona l  evicJence that  eruptions of  qu iescent
filaments and associated coronal mass ejections (CMES) occur as a
consequence of the destabilization of large-scale coronal arcacles due
to interactions between these structures and new and growing active
regions. Both statistical and case studies have been carried out. in a
case study of a “bugle” observed by the IIigh Altitude Observatory
Solar Maximum Mission corona graph, the high resolution
magnetograms from the Big Bear S o l a r  O b s e r v a t o r y  s h o w  n e w l y
emerging  and  rap id ly  changing  f lux  in  the  magnet ic  fielcis that
a p p a r e n t l y  unclerlie  the bugle,. l~or other case studies and in the
statistical work, the eruption of major quiescent filaments was taken
as a proxy for CMli  e r u p t i o n . We h a v e  founcl t h a t  2 / 3  o f  t h e
c]uiesccnt -filament-associated CMIIS o c c u r r e d  a f t e r  s u b s t a n t i a l
amounts  of  new magnet ic  f lux  emerged  in  the  v ic in i ty  of  the
filament. In addition, in a stucly of all major c]uiesccnt filaments ancl
active regions appearing in a two month period we found that 17 of
the ~? fil:itllents t h a t  w e r e  a s s o c i a t e d wi th  new ac t ive  reg ions
erupted and 26 of the 3 1 f i laments that  were not associated with
ncw flux did not erupt. In al] cases in which the new flux was
oriented favorably for reconnection with the pre-existing large-scale
coronal arca[ies; the filament was observed to erupt. The appearance
of the new flux in the form of ncw active regions begins a few clays
before the eruption and typically is s[ill occurring at the time  of (})c
eruption. A  CMl~ i n i t i a t i o n  s c e n a r i o  taking a c c o u n t  o f  these
observational results is proposed.



1. [ in t roduc t ion :

III I S59 an cnorn)ous  solar l’larc was seen in white light. ‘Ibis (Iarc
\\’:ls the first reported in the scientific literature (Barrington, 1859,
]] OdgSOll, ]  859) dlld WaS fOl]OWCd,  SOI1lC ]~ hOUIS lNt Cr, by ii hllgC

rnag~lctic storm and bri l l iant  aurora  seen as far south as IIono]ulu, 2.1
dc:rces from the m a g n e t i c  e q u a t o r  (see Kimbal l ,  1960 for a recent
study Of the 1859 events). Carrin:torr suggested hesitantly that the
flare  and the storm were related. ‘1’hc frequent observation of major
so la r  f la res  preceding  major sltcl(ierl -cotllrl]c rlcerllerlt geomagnetic
storms and auroral displays lent credence to Barrington’s suggestion
and it was hypothesized that material was ejected from the sun and
propagated to the Harth, causing the storm (1.incieman,  1 919). ‘] ’hese
iclcas have been found to be essentially correct. This was f irst
demonstrated w h e n  helillr]l-e~~l~al]ccd s o l a r  w i n d  w a s  o b s e r v e d
marking the high speecl material ejected from the sun in association
with a major flare (Ilirshberg et al., 1970). The strong southward
interplanetary field accompanying the interplanetary disturbance
was seen to drive a large magnetic storm (Ilirshberg and Colburn,
1969). la te r  work  on  magnet ic storms also showed that  many
sudden commencement  s to rms  seemed to  be  assoc ia ted  wi th  the
suclclen disappearances of solar f i l aments  (Joselyn a n d  M c I n t o s h ,
1981).

Although indirect studies of the ejected material and its properties
were made from observations of magnetic storms and the solar wind
itself, it was not until Skylab  carried a coronagraph into space that
the ejection of the materia]  from the sun could be observed clirectly.
Now thousands of observations of CMIls  have been made ( W e b b ,
1992) and innumerable studies carriccl out. ‘1’hese studies reported
tl~at, although some CM}lS are associated with solar  flares, many more
CM}is are associated with the eruption of filaments (Gosling et al.,
] 974, Munro  et al. 1979, Webb and lIun(ihausen. 1987,  see also the
appendix for a discussion of flare  and prc)minencc  association).

Recent work indicates that neither prominence eruptions nor major
solar  flares arc t}]e actual  causes  of the CMli (l Iundhausen,  1988). ]n
the case of prominences l:isher et al., (1 981) showed that the CMI{
s~rll~tir~]es b~gan before the promil]ence was  acce le ra ted  and  the
prominence velocity was lower than the velocity of the CMI\ leading
Cd:, c. l:or the case of fl:~rcs, IIarrison (1986)  f o u n d  CMIIS l a u n c h e d
S(>[nc tens of minutes before f lare onse t  and  }Iundhausen ( 1 9 8 8 )
I“cportcd that t h e  ma[cr ial cjcctcd from the chromosphcre w a s



[r:ivcling siowct’ Ill:ltl [ h e !  [;LV]fi frt)~il. Jiurldh:luscrl also Sug,gcstcd t h a t
[Ilc a s s o c i a t e d  I’larc or promi[tcr]ce  c’ruptio[) nlay bc t h e  result  of t}lc
~lobal  ch:lngc  [11:1[ p r o d u c e s [hc rll:[ss e j e c t i o n . In their s t u d y  of
(; Ivllis :issoci:~tcd wi th  ac t ive  rcgio[]s, Webb and }lulldhauscn  (1 987)
ronc[udcd th:~t m o s t  CMl{s wfcrc tcl:~tcd to  the  (Iest:lt>ilizittior] a n d
eruption of a prominence :ind its overlying corona! structure, or of a
magnetic struct[]rc  capable of supporting a p r o m i n e n c e . IIun(ihausell
(198s) a l s o  h a s s u g g e s t e d  t h a t  t h e  Clvlfi  Cvcnt m a y  bc the C:iuse of
the ))romincnce eruption,

CLMlis assoc ia ted  wi th  f la res  and  wi th  f i l aments  a rc remarkably
similar. Both typically consist of a bright looplike structure followed
by a less bright inner  reg ion . ‘J’}le legs or sides of the loop are
brighter than t}le top anti  contain more material (Stein olfson and
IIunci}lausen, 1988, Steinolfson, 199?). A density depletion is seen
within  the expanding loop. ‘1’his reinforces the notion that neither
the flare nor the rising of a prominence is the direct cause of the
initial destabilization of the CME. Insteacl, the cause should be sought
in some process that is associated with both flares and prominence
eruptions. l“:eynman and IJunclhauscn  (1 994) have pointed out that
there is a very close evolutionary relationship between structures in
which major flares take place and structures within which filament
eruptions occur. Quiescent filaments represent a later stage in the
evolution of magnetically active regions (Kiepenheuer, 1953) which
I:eynman a n d  JIunclhausen  c a l l “livolving Magnetic Structures” or
liMSs.  llarly in their evolution IIMSS are characterized by spots and
flaring, when t h e flaring encls ancl the spots fade, the filaments
rc)tate and move polcwarci  b e c o m i n g very long east-west structures.
‘l’his evolution typically takes  8 to 10 solar rotations. Feynman  and
llunc~hausen suggest that CJMES take place in I;MSS during all stages
of their evolution. ‘1’hey also suggest t}lat CN4Hs arc associated wit}l
flares or rising prominences dcpenc]ing on the stage of evolution of
the I; MS.

Many questions concerning the processes involvcc] in the initiation of
CMI~s remain u n r e s o l v e d  ancl several clifferent  types of scenarios
have  b e e n  Clevelopcd. ‘J’hese scenar ios  }~ave been used as the basis
of  ex tens ive  cc)mputcr mocleling (SCC reviews by ]Iarrison et al. 1990,
Stcinolfson, 1 9 8 9  a n t i  I.ow, 1990). I n  s o m e  early mocicls  the
destabil ization of the Iargc-scale magnetic arcade that bccomcs the
(~~1~:< was associated with sudcicn coronal heating C1UC2 to reconnection
o f  I]lagnetic  fielcls (il 1)7, CI’ anc~ ]’ncu Inan, ] g8~, l;orbes a n t !  ])ricst,
19s.3). In many models the c:~use c)f the ciest:\bil iz,:itiol~ l i e s  i n  t h e



cvolutiotl 10 a llofl-e(]  liilibri(]t]3 St:ilc o f t h e  Iar:c-sca[c  nlagnc[ic
s t r u c t u r e s  (I, ow ct a l .  1982, Wc)lt-son,  1982, I;orbcs a n d  Iscnbcrg,
1991). ‘1’his evolution typically involves the shcarin: o f  magnetic
fields through footpoint motion. In other models the addition of ncw
1’ILIX to the region be low the  over ly ing C1OSCX1 coronal arcades plays
a n  ilnportant  ro le  (Stcinolfson, 1992, (;uo ct a l< ,  1992).

In contrast to earlier studies which have examined activity occurring
at the time of CMFi initiation (cf. Munro et al., 1979, IIarrison, 1986,
Webb and IIunclhausen, 1987,  I:eynman and IIuncthausen, 1 9 9 4 ) ,
here we are concerned with solar conditions several d:iys before the
CMIi release. ‘1’his may be considereci a “builclup phase” ciuring which
the condit ions arc established that  cause the clestabilization  of the
coronal structure and the formation of a CMIi.

III th i s  stucly w e f i n e ]  t}]at CMlls  are s t r o n g l y  associateci  w i t h  t h e
cmerg,ence  of new magnetic flux beneath or adjacent to pre-existing
closed coronal magnetic structures. In the case of CMEZS assoc ia ted
with solar flares, such an association is not unexpected since it has
already been shown t}]at solar flares are often associated with new
emerging flux regions (Rust, 1976, Maltin at al., 1983, Martin et al.,
1 9 8 4 ,  R u s t  a n d  Cauzzi, 1992)  a n d  f l a r e  m o d e l s  b a s e d  o n  t h i s
observation have been developed (cf. IIeyvacrts and Priest 1976 and
references in the recent review by Priest, 1992) .  In much of the
w o r k  d e s c r i b e d  b e l o w  w e  a r e  p a r t i c u l a r l y  i n t e r e s t e d  in CMES
associated with quiescent f i l ament  clisappcarances.  Because  these
clisappearances are not usually at tr ibute] to solar  active regions,
they  can  provide a strirlgent t e s t  o f  s c e n a r i o s i n  w h i c h  CMIi
clcstabiliz,ation  i n v o l v e s  t h e  interactic)n  of the pre-existing c o r o n a l
alcactes with newly emerging  flux.

‘~’hc data sets are clescribccl in section 2 below and the clata ana lys i s
is clescribecl in detail  in section 3. l~or the convenience of t}~e reader,
our observational results are sun~marizccl in section 4. A suggested
scenario f o r  CME des tab i l iza t ion  by  favorab ly  orientcci n e w l y
emerging flux is described in section 5.

?-. ‘1’hc data s e t s

‘J’l)c Solar Maximum Nlission (S MM) ciata used
of the corona graph data f rom the  ]Iigh A]titucle
white ]ig}~t corona gr:\pll/l)  oliirilllcte]. ‘1’his
pr~~jcc[ion of the corona against the sky that

in this stucjy consists
Observatory’s (11i40)

instrument gave a
covered the clistancc



r:tngc frot]l about 1.6 to 5 sol:lr rad i i . Scc Mac Quccn  et a l ,  (1979),
CsockL:-pocckh  ct al .  (19S2),  flouse ct al. (1981 )  and  Wagner  ct al .
( 1981 ) for description.s of the irlstrulrlcn[ and  i t s  opera [ion.

1 {-alpha (I:ita from the IIig IIcar  S o l a r  (lbscrvatory (13 flSO)  w e r e
Ilcavi[y utilized. ])aily  II-alpha full-disk images were used to identify
fi laments and t o  mo[litor their dcveloj>mcnt. I n  a(idi(ion, h i g h
resolution images taken at [he rate of one or more per minute, were
:ivailab[e  for detailed analysis of one of the events (section 3.1).

National Solar Observatory /Kitt P e a k  ( N  SO/KP) f u l l - d i s k
magnet ograms w e r e  u s e d  t o  c}laractcrize magnetic f ields in t}le
photo sphere near  f i l aments  and  to  iden t i fy  new ac t ive  reg ions .
NSO/KP full-disk IIc I (1083OA) images were used to supplement 11-
alpha data in the identification of filament disappearances.

‘?. . A n a l y s i s

‘J’hc stucly w a s  c a r r i e d  o u t  u s i n g  a  v a r i e t y  o f  d a t a  a n a l y s i s
techniques. in section 3.1 we examine a case study of solar
photospheric observations associated with a CM13 observed by the
1 IAO coronagrap}l. To simplify the rest of our observational study wc
take advantage of the fact that the majority of CMl~s are associated
with  t}]e d i s a p p e a r a n c e s of quiescent filaments and use quiescent
fi lament eruptions as proxy for CMlis, Case  s tud ies  of  f i l ament
disappearances a r e  prescntcci  in sections 3.2 and 3.4. In addi t ion ,
three statistical studies are carriecl out. ‘J’hese three studies ask three
somewhat different questions. In section 3.2 we ask what percentage
o f  f i l a m e n t s  that eruptec] were associated with newly appearing
active regions. Alt}]ough i n 3.2 we find that erupting prominences
arc strongly associated with new flux, (]1C 3.2 study is insufficient to
conclude that there is a physical connection between the eruption of
the filaments an(i the appearance of new flux. IJor this we nccci also
to show that filaments that arc not associated with new flux are
unlikely to erupt. ‘i’hz( question is studied in 3.3. In section 3.4 we
stu~iy the effect of the relative orientation of the pre-existinx  an(i
nc\v magnetic fields on the probability of filament eruption.

3.1. A “llllgle”

lcirally,  in order  to stu(iy [he relat ionship between CMI.ls and char
[:lking p lace on the solar surface, Lv L’ would l ike to observe
cor{~n:i] [n:tss eicction itself at t}]c same t ime as  WC o b s e r v e  poss



cl]angcs  on [hc solar d i s k  Ix:lf)w i t . ‘1’hc difficulty is that the CMli
inust occur n e a r [hc solar limb to bc observed  agairls[ the plane of
the sky whereas the photos  phurc nc:lr the limb of the sun can not bc
s a t i s f a c t o r i l y  o b s e r v e d .  llowcvcr, tt]crc arc sl)ccial  events  in  which
bo[h t h e  cMl; and  the prc-event photo sphere arc reasonably well
obscrvc(l.  Ilundhauscn (1993) has dcscribcd several  such events and
defined a special  class of CMI{s which he calls  “bugles”. “1’hcsc events
a rc< characterized by (he brightening of a streamer that  broadens
slowly and appears at higher and higher solar altitudes on successive
days.  After  several  days the  s t ruc ture  sudclcnly  disappears as i t
erupts in to  a  CIMli. If successive corona] observations from a given
height  are seen on synoptic maps constructed from c]aily images, the
structure looks something like a bugle,  hence the name. ‘J’hese events
appear to offer  the best  chance of observing both the CM13 and
changes in the sun below it. We have examined the synoptic
coronagraph da ta  prepared  by  IIunclhausen and  iden t i f ied  8  c lear
west  l imb erupting bugles in 1984-1985. West limb bugles were
chosen so that  the region of the photosphere u n d e r  t h e  c o r o n a l
structure could be observed during the development of the event.
‘J’he full disk H-alpha data from BBS() were examined to identify
periods when both data sets were available. As could have been
expecteci,  there were only three cases in which both data sets were
usable. IIowever, by rare good fortune, instead of being observed
only once per clay, one of the events (June 9-12, 1985) was observed
at high temporal and spatial resolution. ~’hese images showed the
development of emerging flux regions bc]ow the coronal structure.

In t}~e synoptic data, a “bugle” was seen in t}]e southern hemisphere,
at about -15 degrees. Between  ciays 161 (June 10) and clay 163 (June
12) the brightness and width of the structure increased markedly.
IIowever, the bright feature was no longer present on day 164 (June
13). “1’his behavior is typical c)f “bu~]es”. A CMI; about 21 degrees
\vi(ic and ccntercd at about ] 3 degrees sout}l on  the  wes te rn  l imb i s
l isted for June 12 in the catalogue of CMIis  compi led  by  Burkepile
and St, Cyr (1993). The ClMl{ is describe(i  as a slowly moving cloud
superimposed on a streamer.

We s tudy  the  deve lopment  of  the  bugle in detail using the 11A()
coron  agraph  data. Since this event cjcvclopecj slowly, the best way to
view it is by comparing corona  graph images taken at two different
tilne. s. I ]  AC) has dcvclopcd a diffcrencing technique in vhich the
corona] intensities of  two images arc subtrac(ecj. In difference
ima~, cs, the motion of a coron:[] streamer will  appear a s a n



in[cnsification in one region  and  a d e p l e t i o n  i n  a  n e a r b y  rc:ion; a
silnplc cnhanccmcnt of the  corona  can  bc rcco:nixed by the fac t  tha t
there is  no compensating dcplc[ion;  a CIMI1 in progress wiJl bc seen as
a depletion at low altitudes with an cnhanccmcnt above it and at the
s ides .  An image  that diffcre[lccs prc;- and post-  CLMIi o b s e r v a t i o n s
will show regions of enhancement on both sides of a cicplction region
where the CiMli material was carried off from the corona.

‘1’hc difference images  showed that the bugle  began to form slowly
on June 9. Some corona] enhancement (but no ~icpletion) was seen
(iuring that  day and during the following clay. More rapid changes
began to take place during t}lc 23 hours beginning at  23:34 Url’ June
10. ‘1’}le clifference  image shows a strong intensification and widening
of the coronal structure. The next 24 hour difference image covers
the eruption of the CM1+ itself. 1+’igure 1 shows the data of June 11 at
22:18 UT subtracted from the clata of June 12 at 22:51 UT. There is
a depletion bordered by an enhancement on either side; i.e., a CMEl
IIas taken place. We have superimposed a magnetic map on the solar
disk. This map shows the large scale solar magnetic fields calculated
from the photospheric data by the Wilcox Solar Observatory (Solar
and Geophysical Data, 1985). “1’he CME structure appears to be
overlying the large scale dipolar structure seen in the west below the
equator. There is virtually no other important magnetic feature in
the hemisphere westward of this structure. This is consistent with
the notion that it is the field anchored in this large scale photospheric
structure that is destabilized when the CMI1 occurs.

Meanwhile dramatic changes were taking place on the solar  disk.
l~igh r e s o l u t i o n  magnetograms o f  t h e  r e g i o n  w e r e  r e c o r d e d  a t
intervals of about one per minute 011 June 7 through June 13. “J’he
1111S0  observing day was from roughly ] 5:00 IJ’J’ to 01:00 IJT the next
(iay! On these films new magnetic flux was seen to emerge and
apparently interact with already exist ing flux. Older sunspots
(ii sappear. A  s u b s t a n t i a l  n e w  active r e g i o n  a p p e a r s  a n d  g r o w s
rapidly. It has several sites showing the consecutive appearance of
m a n y  clcmcntary bipoles (lMartin, 1990). ‘1’hc changes  a re  numerous
anti r a p i d a n d  c a n  o n l y  be f u l l y  a p p r e c i a t e d  b y  examining  the
original film. IIerc  wc can only outline the events.

In Figure 2 we show the large scale ma:netic field changes seen on
d a i l y  full disk J~-]:~gl~etogr:lllls. I:icld into the sun (negative) is shown
as black,’ field out of the sun (positive) is white. “1’he top panel of the
figL_]re, taken June 8, shows two ]argc bipo]ar  active regions; the first



r~car central meridian passage iirld  thC SC COllci jus[ WCSt Of th:lt. “1’hc
second active rc~ion  has a large sunspot. “]’here is no indication 01
ilny active rCgio Il between these two established centers of activity.
In t h e  n e x t  p a n e l , J u n e  9, a small rlcw a c t i v e  rcgior] c a n  b e  seen
I)clwcen the two old regions. We have cncloscd  it in a rectangle, to
:;uide. the eye. ‘1’hc rapid growth of the region is evident on the panel
lrom June 10. I’he ncw region is complex and growing. ‘1’he region
con[inuccl to grow and change and in the bottom panel we can see
th:tt by June 11 the negative (black) portion of the second  of the two
old active regions appears to be considcrab]y smal le r  than  in  the
I“)anc]s taken  e a r l i e r .  BBSO  I I - a l p h a  (iata t a k e n  every 20 SCCOIICIS
shows rapidly changing active r e g i o n s  and s~]nspots at least as early
as June 9. The data taken la[e on the June 11 observing clay still
showed rapidly changing active regions with many sunspots. The
first observations on June 12 (15:02) showed that only a few small
spots remained. This sequence of events is easily interpreted as
newly emerging magnetic flux interacting (reconnecting) with flux
t h a t  hacl e m e r g e d  e a r l i e r .  The e r u p t i o n  o f  the CM~~ took place
s o m e t i m e  between 06:11 UT and 19:46 UT, according to Burkepile
and St, Cyr (1993).

In summation then,  the development c)f the “bugle” in the corona was
accompanied b y  t h e  e m e r g e n c e  o f  n e w  m a g n e t i c  flux below the
lfirge-scale arcaclcs  that  anchored the developing coronal  structure.
I(Iux continued to emerge and spots formed and disappeared over a
period of at least three days. ‘J’he large-scale structure destabilized
and the CMF; was observed on June 12. This is consistent with the
idea that the growing active region adclcd new flux below the largc-
scale. s tructure unti l  the t ime that  structure became uns tab le  and
erupted. I’hc rapid changes observed in the active region suggests
tl~at the cmcrgin~ flux was reconnecting with pre-existing flux.

3.2 I“ilament disappearances ; case studies a n d s ta t i s t i cs

The second part of our stucly made use of observations of erupting
filaments as proxies for CM1{S and cxaminecl  the association of the
disappearances with nearby newly emerging flux. “1’wo prev ious
studies have presented stat ist ical  eviclcnce  that  erupting filaments
(anti  hence  CM1{S) arc related to new an(i r a p i d l y  g r o w i n g  a c t i v e
rt:gions  appcarins c l o s e  t o  t h e  f i l a m e n t  a n d / o r  as far away as  30
h e l i o g r a p h i c  clegrccs (Bruzck,  1952; lIcrnlans et :{1. 19S0).



Nlajor f i l a m e n t  d i s a p p e a r a n c e s  o f  II)c quicsccnt  t y p e  are r e a d i l y
idcntiticd  on tllc  d i s k  a n d  can be i[]tcrprctcd  as cruptin: f i l a m e n t s
( o r  erupting p r o m i n e n c e s  i f  seen at the limb). ‘1’heir association with
(~l~ll{s and other  corona l  cllangcs is well established (Shccley et al.
1975, Munro  et a l . ,  1979; Kahlcr, 1987; Webb and  IIundhauscn, 1987;
IIundhauscn, 198S; S t .  C y r  a n d Webb,  1991). l’romincnces ( a n d  b y
implication, fi laments)  arc observed 10 be overlain by coronnl arch
systems which, i n association with the prominence (filament)
disappearances, leave the sun ~is ~J~~~s . Almost all (if not al]) major
quiescent prominence eruptions that  have been  s tud ied  have  been
:tssociated with CMIIS. Al though the  au thors  do no t  know of  any
stuclics  tha t  spec i f ica l ly searched for prominences that  erupted
wit}~out t h e  a r c a d e s  b e c o m i n g  a  (~MIi, it w o u l d  b e  d i f f i c u l t  t o
understand how the prominence could leave the sun without the
arcacles above it also leaving. With a little caution in the analyses of
extremely slow CM13S and erupting filaments, it is now feasible to
confidently use major filament disappearances as proxies for CMES
n e a r  clisk center  (St .  Cyr ancl Webb,  1991 ,  IJuncthauscn,  p e r s o n a l
cotllnlllrlicatiorl)i

‘1’he ciaily Ii-alpha full disk observations were used to generate a list
of 30 erupting filaments longer than 10 degrees. (See the appendix
for operational definitions of “filament types”, “filament longer than
10 clegrccs” a n d “filament eruption ”.) Active region filaments were
e x c l u d e d  f r o m  t h i s  l i s t . ‘J’he I I - a l p h a observations were
supplemented by  fu l l  d i sk  da i ly  magnetograms. In order to be
included in the stucly list, observations had to be available for at
least 2 or 3 days before the disappearance. The list was begun usirig
the data from September 1991 and was continued until 30 events
had been collectccl.

‘]’hc 30 f i l a m e n t s  w e r e  cxaminccl  to  see  i f  there  were  emerg ing
magnetic ficlcis in  the  v ic in i ty  of  the  f i l ament  pr ior  to  cruj>tion.
l;mcrging fielcls were iclentificcl when  ‘new and/or  growing  ac t ive
regions were seen on the magnctogra!ns.  ‘J’he “vicinity” of a filament
was defined in terms of the photos pheric magnetic fields (see the
a p p e n d i x ) .  A n  a c t i v e  region was said to be in the vicinity of a
filament if it was within ttlc filament channel, or within or on the
edge of the two large-scale sil]glc  po la r i ty  reg ions bordering the
filament channel .



Wc found  that in 19 cases new flux w:Is in the vicinity of the
I’ilalncnt w h e n  i t  erup[cd. In 9 c:lscs,  Iittlc or no ncw flux was
evident. ‘1’wo C a s e s were uncertain.

‘1’hc resul ts  wi l l  bc iliustra[cd  b y  t w o  c a s e studies in which a f i lament
was  associatd  with erncrging  flux; f;cb. 22, 1992 anti Sept. 14, 1 9 9 1 .

]~’clj. 22,  1992 ‘1’hc f i r s t  event  to  bc clescribcd i s  shown in  l~igure 3.
‘1’he f i l a m e n t  i s  seen as a dark f e a t u r e  relative to t}lc chromosphcric
I)ackground. (f ’ilarnents a p p e a r  (iark a g a i n s t  t h e  s o l a r  d i s k  ancl
bright against the sky. ‘1’hus a dark filament seen on t}le disk appears
a s a bright prominence on the limb. ) In an 11-alpha photograph an
active region is associated with a bright  plage region and, if the
magnetic fields arc concentrateci  enough, a dark sunspot. In Figure 3
the upper three panels show the day-to-clay development of a thick
quiescent filament, 30 degrees in length, which crossed central solar
~ncridian  Feb. 18, 1992. It was unusual in that it spanned the
equator, extending from 18 degrees North to 13 degrees South. It
erupted between the t imes when the two rightmost panels were
recorded. The lower three panels of J:igure  3 show the line of sight
intensity of the magnetic field. Iiielcl into the sun (negative) is shown
as black regions; out of the sun (positive) as white. The generally
g,rey reg ions  a re  a reas  in  which  the  f ie lds  a re  too  weak  to  be
observed. “1’hc relative brightness or darkness is proportional to the
intensity of the field, lJnfortunately, the polarity reversal in which
this thick filament formccl is not clearly seen in the figures (except at
the southern end). IIowever t}~e f i l ament  i t se l f  can  be  useci as a
tracer of the polarity change. A small amount of new flux began to
emerge  under the filament channel on l:eb.  20. This can be seen in
the upper panel as a brightening in II-alpha next to or under the
southernmost part of the filament. In the corresponding
magnet ogram a small bipolar flux rc~, ion has appeared, as shown by
tl]e arrow. (The generally ha~y appearance of the magnetic field
o b s e r v a t i o n s  o n  l~eb. 20 was due to the seeing conclitions. )  The
ctncrgcl]cc  of f lux continued the nc.xt day  (middle  pane ls )  and  a
complex active region 10 degrees wide formed. The posit ive ancl
negative magnetic f ields are clcar]y v i s i b l e  o n  t}~e magnet ograms,
Since t h e  a c t i v e  r e g i o n  clcvcloped  in the filament channel itself,
conditions were favorable (see the appendix) f-or a filament eruption.
lr~dcccl, t h e  f i l a m e n t  d i s a p p e a r e d  b e t w e e n  t h e  I:cb. 21 ancl F’eb. 22,
:is shown clramatically  by comparing (hc 11-alpha images.



/\n it]lpor[:int qucs( ion i s  whL:lllcr t!lc ac t ive  reg ion  wls s t i l l  growing
at t h e  t i m e  the CIMf; cruptcxi  o r  if ttlc ~Orowt}l had stopped some time
bet’orc. LJnfortunatcly  wc h a v e  orlly one ima:c pcr d a y  s o  the
evaluation of this point is sometimes uncertain. In the c:~se
d e s c r i b e d  h e r e  the spot was apparcn(ly  s t i l l  g rowing a t  the  t ime of
[he CMJi s i n c e  i t  w a s  larger o n  the i m a g e t a k e n  after Ihc e r u p t i o n
Ihan it had been on the image  taken the day before.

Sept. 1 4 ,  1991. N o t  till emerging flux r e g i o n s  a s s o c i a t e d  w i t h
filament disappearances form or grow in the filament channel itself.
On Sept. 14, 1991 a quiescent filament 15 degrees in length erupted
in association with an active region that had formed on the outer
edge o f  o n e of the two Iarge-scale opposite polarity regions that
bordered the filament channel, as shown in Figure 4. “1’he position of
the erupting filament is encircled with a broken line. The filament
erupted on Sept. 14 and was reformin~ by Sept. 15. The new flux,
indicated by an arrow, emcrgecl over a period of 4 days, including
the clay of the eruption. ‘l’he f i lament that  erupted lay in the
reversal of polarity between the lar~er-scale single polari ty regions.
‘1’he active region was about 8 degrees from the filament channel and
was oriented so that the positive polarity of the active region was
a d j a c e n t  t o  t h e  n e g a t i v e  p o l a r i t y  photospheric m a g n e t i c  f i e l d
associated with t h e  f i l a m e n t . such an orientation permits
reconnection between the new flux an(i the existing flux, apparently
destabilizing the CME. A second filament, encircled by a solid line,
did not erupt although the active region was physically closer to it
than to the erupting filament. IJowcvcr,  the positive polarity of the
emerging region was adjacent to the posit ive polari ty of the pre-
existing regions clefining  this secorld  f i l a m e n t  c h a n n e l . Thus,
r e c o n n e c t i o n  could not easily take place. The influence of the
orientation of t}~c emerging fields is stuclied further in section 3.4.

in our set of 30 f i l a m e n t eruptions, 19 were associated with
emerging flux regions. Sixteen of the these filaments were of the
quiescent type, 2 were sub-polar and OIIC was a border filament (see
tl]e appendix for definitions of filnmcnt  type). Of the 19 events ,
tl]ere were 17 cases in whit}] the flux was still emerging on the last
observation before  the CM]{. ~’he flux began to emerge from 1 to 4
days before the filaments destabilized. In 10 of the 19 eruptions, the
flux emerged in the filament channel itself, as illustrated by the I~eb.
2.2, 1992 event. In several other cases  the region formed within a
ft:w dc:rces  o f  t h e  f i l a m e n t  cllannc]. I n  6  c a s e s  t h e  a c t i v e  r e g i o n



t’orlllcd o n  t h e  o u t e r  cd:c of t h e  apparcnl  rnagrlc[ic a r c a d e  as (icl’incd
b y  t h e  photospheric  rnagnctic  liclds.

Nir]c f i l a m e n t s  of our set of 30 ctuptcd w i t h o u t  ncw s u b s t a n t i a l
:Ictivc regions being  observed in the. vicinity of the filaments. “1’here
was a tendency for these fi laments to have been associated with
weak  photo  spher ic  ficlcis. I:or example, three of them were polar
crown filaments,  one was subpolar a n d another was a quiescent
j)romincnce  but in unusually weak magnetic fields. In five cases (4
fluiescent and 1 b o r d e r  f i l a m e n t )  w e were unable to identify any
IInusual attributes of the filaments that might explain their eruption
without observed emerging flux. I]owever, it can not be definitely
concluded that these filaments erupted without emerging flux since
our data consisted of only one observation per clay and some flux
that  emerged and interacted may not have been observed. ‘1’h is
problem must be studied further.

3.3 N c w  f l u x  a n d  f i l a m e n t  e r u p t i o n :  s t a t i s t i c a l  s t u d i e s .

To  clemonstrate a physical  relat ion between the destabilization of
CM13S and new magnetic f lux, i t  is  not  sufficient  to show that
filaments that erupt are strongly associated with new flux. It is also
I]ecessary  to show that filaments that are not associated with new
flux rarely erupt. We stucly this question in this section of the paper.

We report on a statistical study using a combined list of filament
c) bscrvations  and of observations of emerging active regions taking
place during September and hTovenlber  o f  1 9 9 1 .  W e  t e s t e d  t h e
statistical significance of the association of eruptions and newly
emerging flux using formal statistical measures. We analyzed a
contingency table using  a test of the. null hypothesis. That is, we
tested the statistical hypothesis that t}le eruption of the filaments
was inde~dcnt of the appearance of new flux regions.—. —._

I:or the filaments used in this part of our study, we generated a Iist
of all quiescent filaments appearing on the sun cluring September or
Nlovcmbcr of 1991. See the appcnclix for a dctaileci description of
the differences in the data selection for studies 3.2, 3.3, and 3.4. We
used only f i laments  tha t  were  lon:,er than 10 degrees.  We then
categorized the filaments according to whether of not they erupted
during  their pass flge across the solar disk.



WC a l s o  g,cncratcd  a  l i s t  of ncw ac[ivc r~’gior)s irom t h e  d a t a  it] S o l a r

a n d  (;cophysical l)a[a (S(;11). l;or caGII observing day,  t h i s  p u b l i c a t i o n
Oiv~, s the posit ion
c, and area of each active  region on the lace of the
Sun. Newly emerging active regions arc easily identif ied bccausc
Ihcy d o  not first  a p p e a r  a t  the f~ast limb. “1’tlc grow[tl of t h e  a c t i v e
region is seen in the daily change ill area. I:or our study we omit(cd
all active regions that first appeared at longitudes further ]iast than
70 degrees or further West than 60 degrees.  “1’hey w e r e  o m i t t e d
because we found we could  not sat isfactori ly observe them and/or
c}langes in any associated filaments. We included only regions that
w e r e  r e p o r t e d  b y  m o r e  t h a n  onc o b s e r v a t o r y  :~s larg~r tl~an lo
millionths of a hemisphere.

LJsing the list of some 33 new a c t i v e  r e g i o n s  f o r  S e p t e m b e r  and
November 1991, we identified those whit}) emerged in the vicinity
of f i laments that  were longer than 10 clegrees  and had not been
]Jreviously  associated with an active region. We found that 2/3 of the
]lew active regions emerged in the vicinity of filaments longer than
10 degrees. These 22 filaments were selected for further study. Of
course, the data from Sept. and Nov. 1991 were also included in the
study based on the filament list, so many of the events included on
the section 3.2 study also appeared in this study.

“l-he f ina l  da ta  se t  to  which the statistical analysis was applied
consisted of 53 filaments and 22 new active regions. We examineci
each  new ac t ive  reg ion and  each  f i l ament  and  cons t ruc ted  the
cont ingency  table shown in Table 1. Note that 17 of 22 filaments
associated with new active regions erupted and 5 of the 22 did not,
]n addition, 5 filaments eruptecl without having new active regions
in the vicinity. “1’wenty-six filaments without active regions in the
vicinity did not erupt. A chi squarecl test shows that the c}lances of
getting a contingency table lilcc this is much less than 1/100 unless
there is a relationship between the variables, i.e., the hypottlesis  of
incicpcncience of the variables faileci. We conclude that the variables
are physically related.

3.4 ‘1’he e f f e c t  o f  o r i e n t a t i o n of  magnet ic fields.

]n this section ~ve stucly the effect of Ihe or ien ta t ion  of  the  newly
emerging magnetic fielcls on the probability of eruption. W C begin
with a case study and thctl repor[ on a statistical study.



S(’pt. 2 .3,  1991 ]~igurc 5  i l lus t ra tes  :~ case in w h i c h  flux cmcrgcd  in
(I1c vicinily 0 1  a filament  b u t  t h e  f i l a m e n t  d i d  not  e r u p t .  ‘1’hc left -
l]:Ind panc[ of t h e  f i g u r e shows a clear and well-dcvclopcd filament.
‘1’hc rig. h-hand panel shows the  reversa l  of mag, nctic fields in which
the t’ilamcnt formed. “1’he active rcf~, ion, indica[ed  by an arrow, is a
llCW a n d  devclopin: one. IIowevcr the  or ien ta t ion  of  the  ac t ive
region is  such that  the negative poiarity newly  emerg ing  fields arc
a(jjacent  to the negative polari ty f ields that  make up the arcade
spanning the filament. ‘1’hus Iittlc or no reconnection could  take place
and the filament was not cjcstabili~ed. l;or a seconcl example of this
type of event see the description of the events  of Sept. 14, 1991 in
section 3.2 above.

W e  u s e d  t h e  2 2  n e w  a c t i v e  r e g i o n s  a s s o c i a t e d  w i t h  f i l a m e n t
eruptions cjescribed in  sec t ion  3 .3 .  We charac te r ized  the  events
according to the orientation of the new active regions relative to the
magnet ic  f ie ld  po la r i t i es  in t h e  unipolar photospheric regions
adjacent to the filaments. ‘J’he orientation of the active region was
said to be favorable or unfavorable as discussed in the appendix. The
r e s u l t s  a r e  s h o w n  i n  table 11. W e  f o u n d  t h a t  t h e r e w e r e  17
favorably orientecl  newly emerging flux regions that were associated
with erupting filaments. (This includes cases in which more than one
ncw]y emerging region is associated with a single eruption. In these
cases each region was counted separately for this part of the study.)
]n all 1 7  c a s e s  i n  w h i c h  tl~ere was_newly enlcr~in~ flux with a
favorable orientfition ~~!~ ?.–.fi !anlelll . . . . Cru pJec!_,__...I n con t ras t, w h en t h e
n c M’ f~ux was unfavorably oriented or the orientat ion was neither
favorable nor unfavorable, there welt eruptions in some cases and
not in others, with no statistical preference evident in our small
sample of such events. Wc conclude that when a major new flux
region appears in the vicinity of a fi lament and the f lux has a
f:tvorable  orientation for reconnection with the pre-existing flux, the
filament has a very high probability of erupting.

4. o b s e r v a t i o n a l  c o n c l u s i o n s .

‘J’he relation between the initiation of CIMI\s and  newly  emerg ing
m a g n e t i c  f l u x  h a s  b e e n  s t u d i e d  h e r e  u s i n g  s e v e r a l  d i f f e r e n t
tccbniques.

\Vc prrsentcd data (scc[ic)n 3.1 ) in which  the  evolu t ion  of  a  corona]
structure a n d a  Clvl; w a s observed at  the same t ime as  h igh
rcsojution observations \vcrc being taken of the relevant region of



[t]c  SOI:II disk. Jn ( h i s  c:isc, aclivc  rcg, ions wurc s e e n  t o  cmcr:c and to
in[crac[  wit]) n e a r b y  a l r e a d y  cxisti  n:, r e g i o n s . ‘1’hc e v o l u t i o n  of the
:tctivc r e g i o n s  a n d  t h e  c o r o n a ]  slructurc had c o n t i n u e d  for o v e r  four
days before (I1c CMJi o c c u r r e d .

We have also used disappearing filaments of the quiescent, polar and
subpolar types M proxies for CMI;S in several statistical studies of the
relationship between emerging flux regions and CMlis.  We founcl that,
in the cases of 19 of 30 erupting filaments, new active regions were
observed to develop during the few days before the eruption (section
3.2). We also showec~ tha t  the  observed  assoc ia t ion  be tween  a
samp]e  of 53 f i l a m e n t s and 22 filament-associated newly emerging
flux regions was statistically significant on the 1/100 level. “l’hat is,
there is much less than one chance in one hundred that the observed
contingency table would appear if  the parameters were unrelated
(section 3.3 above). We also found that, in all 17 cases in which
there was newly emerging flux with a favorable orientat ion,  the
filament erupted (section 3.4 above). In all of our data sets the
active regions typically began to emerge several days before the CMIZ
eruption.

About 1/3 of our sample of erupting prominences (section 3.2) were
not associated with substantial regions of emerging flux. IIowevcr,
we were unable to conclude that these eruptions occurred without
any new flux emergence because of observational difficulties. ‘l’he
data used had a one day time resolution so that flux present for less
than a day may have gone undetected.  In addit ion,  we did not
consider the flux contributed by small  emerging bipoles. TO do SO
woulcl h a v e requi red  a m UC h more difficult  and sophist icated
statistical technique then was used in this  f irst  stucly. ATote tha t
there appearecl t o  b e  a tendency for the eruptions without observed
new flux to occur in prominences associatccJ  w i t h  w e a k  unipolar
regions so that less flux may have been required to ctcstabili~.c them.
I:urt her s tudy  i s  requi red t o  clctermine whether  or not these
prominences erupted in the absence of new flux.

5. A I)iscussion a n d  a s c e n a r i o

‘1’hcse o b s e r v a t i o n s  s h o w  a  v e r y  s t r o n g  rcJation b e t w e e n  J]cwly
cmcr~ing  flux regions and CLNJI{S. in this section we discuss ways in
Which thC C1ll Crgell CC Of JIC. \V f~LIX Can StlOtlg]y iJlfj UeJICC thC gr:id Ua]



e v o l u t i o n  of [hc  Iargc-scaic  mag, nc(ic ficl(i  a r c a d e s . LVC o u t l i n e  a
scc(lario i n w h i c h  t h i s  ncw f l u x  Icconnccts w i t h  t h e  prc-ex  isting
n]agnctic  tlux t h a t ,  a s  a  conscqucnce,  e r u p t s  a s  a  CLMI{. ‘1’hcsc CMf{s
:lrc accompanic(i  b y  e i t h e r  s o l a r  ilar~’s, e r u p t i n g  f i l a m e n t s  or both.

Wc first argLlc tha[ flare associated and quicsccnt f i l ament  assoc ia ted
CM1lS can be expected to involve the same physical processes. We
I]ote that CMF, S associated with active regions an(i with quiescent
f i l a m e n t s  are alike i n  i m p o r t a n t  a s p e c t s  such as velocity, angular
extent and three-part s t ruc ture  (I]undhauscn, 1988). In addit ion
CMl~s associated with both flares an(i prominences are accelerated as
they pass through the corona (Jlun(ihausen, 1 994). (There is some
cvi(icnce  that flare-associated CMIis  are accelerated at lower corona]
heights than prominence associated CMES (Mac Queen anti I:isher,
1983). JIowever, statistical studies have not shown any latitude
cicpencient differences between the outer coronal velocity
ciistributions o r  f o r m s  o f  CMES (Ilundhausen et al. 1 9 9 4 ) .  S i n c e
quiescent f i laments tend to km at higher latitucies  than flares, this
finciing sugges ts  tha t  there  i s  no  d i f fe rence  be tween  the  f ina l
velocities r e a c h e d  b y  f l a r e  a n t i filament associateci CMES
(} Jundhausen, persona l  communica t ion) .  Thus  the  d i f fe rences  in
acceleration altitudes do not require a  f u n d a m e n t a l  ciiffcrence in
acceleration mechanism. )

We fur ther  no te  tha t  the  emergence  of  new f lux  an t i  apparen t
reconnection with pre-existing flux is a very commonly observed in
the case of both flares (Martin et al. 1983, Martin et al., 1984, Rust
anti Cauzzi, 1992) and fi lament eruptions (Bruzek,  1952, IIermans et

1a ., 1980, t h i s  p a p e r ) .  I n  t h i s  stu(iy  w e  h a v e  found that t h e
appearance of ncw flux influences the eruption of filaments in the
sense that the filament is very likely to erupt if there is new flux anti
v e r y  L]n]ike]y to erupt if  there is  not .  Although we have not yet
carried out a quantitative stuciy, it is our impression that  the
nlagnctic  flux in the newly forming active regions appetirs  to be less
than, bL]t comparable to, the flux in the overlying arches.

‘lo understand why flare associateci aJ]ci filament associated CIMIIS can
bc so much alike,  an important  point  to keep in mind is  that  the
rrgions of the sun in which flares occur an(i i n  w h i c h  q u i e s c e n t
fi!amcnts occur have a strong evolutionary relationship. In early
sluciics of t h e  rel:iti  onship of f l a r e s  a n d  filan~ents  (Kicpcnhcuer,
1953) i t  w a s founci that  f i laments in spotless r e g i o n s  r e p r e s e n t  a



l a t e r  sta:c i n  t h e  cvolu  [ion of :Ic[ivc rcgi[)n.  s. IIuring t h e  e a r l y  sta:cs
of evolution there is a rapid formation of spots and o c c u r r e n c e  of
flares. l;ilamcnls  a r c present bu[ tcrl(i to bc narrow and not
conspicuous . ‘1’his d e s c r i p t i o n h o l d s  f o r  o n e  o r  p e r h a p s  t w o  s o l a r
lo(ations. IJuring  the next several  lo[at ions the flaring ends and the
s p o t s  faclc a w a y  a s the filaments clon:atc and become  more obvious.
‘1’he f i laments continue to Icngthen :is ( h e y  m o v e  polcward, a n d
become more east-west  in their  orientat ion. IIuring perhaps  the
sixth to tenth rotation the f i lament, now a predominantly east-west
struc[urc, approaches t h e  sub-polal c r o w n of f i laments and is
apparently incorporated into it. l:cynman and }ILlndhausen ( 1 9 9 4 )
call these regions “Iivolving Magnetic Structures” (EMSS) and have
pointccl out that CMI;S take place in liMSs  during all stages of thei
evolution. They have suggested that all CMRS arise in EMSS.

In summary, there appears to be a convergence of evidence tha
most  CM Ii_ eruptions (whether associated with f lares,  f lares and
filanlents, or quiescent filaments alone) are directly initiated by the
emergence of favorably oriented new magnetic flux under the large-
scale closed mag,nctic field regions of l~MSs. Steinolfson (1992) has
numerically modeled the response of magnetic arcades to new flux
and }~is results show many of the attributes of the CME observations.
Note  however  tha t  the  modeled  scenar io  was  one  in  which  no
reconnection took place between the  prc-existing arcades  and  the
new magnetic flux. Our observations inclicate that reconnection is a
strongly contributing factor to destabilization.

‘l’he observations reported here suggest t}le scenario shown in Figure
6. “1’hese sketches concentrate on the processes occurring at the
interface between the overlying arcade and the newly emerging flux.
Panel 1 shows the newly emerging flux appearing below the pre-
existing arcade. (Although not shown in the sketch, the arcade may
also be undergoirlg  shear ing by footpoint motion. ) ‘1’hc orientation of
the new flux is such as to facilitate rcconncctiono l~or simplicity the
orientation of the emerging flux is shown as strictly opposite to that
of the existing fjux. The current sheet corresponding: to the flux
direction reversal is shown as a shadccl area. Although the sketch is
drawn as if the fields were centered over the emerging flux, nothing
i]] the scenario would bc changccj for the asytnmctric  case.

‘J’hc c o n t i n u e d  e m e r g e n c e  c)f flux in the growing  active  regiorl brings
nlore an(i m o r e  n e w  !’Iux to the vicirlity  of the current s h e e t .  ‘1’his



ncw flux takes p a r t  i n  driven  rccor]nccti(~n. I’lIc ra te  and  pos i t ion  of
the  rcconncctions  w i t h i n  t h e  c u r r e n t sheet  will be a function of the
Al fvcn velocity across the sheet and of some distance corresponding
to the width of the region in which ttlc field reversal takes place. As
i n  tllc ma~ncto[ail  c u r r e n t  s h e e t , lna.gnctic  i s l a n d s  a n d  rcconnccte(i
loops will be formed. l’hcy  arc shown schematically in panel  2 and
llavc been found in computer simulations for emerging flux in the
so la r  case  (Shibata et al., 1992). ‘1’hesc reconnection events may be
re la ted  to  the s u r g e s and ctiscretc  e v e n t s  t y p i c a l l y  s e e n at t h e
t)ounciaries of newly f o r m i n g active regions (} Jr L]eckncr, et al, 1988).
“[’he gradient in magnetic intensity with solar altitude will cause the
magnetic islands to ten(i to rise. As the islancls come into contact
with one another, f u r t h e r  rcconnections wi l l  t ake  p lace  and  the
islands will coalesce (Shibata,  et al., 1992) into larger magnetic island
structures as shown in panel 3. l’he  important role of regions of
clctached flux in destabilizing CMlis  has been emphasized by I.ow and
Smith (1993).  In our scenario the magnetic islands a re  prevented
from escaping by the prc-existing arcade structure above them. They
do, however, represent an increase in the magnetic pressure confined
within the arcade. We suggest that the effect of the emerging flux is
to increase the magnetic pressure within the arcacle until the arcade
b e c o m e s  u n s t a b l e .  llncrgy released in the  reconnec t ion  may also
serve to heat  the coronal  plasma, further increasing the pressure
within the arcacle.

After several days the increase in magnetic pressure (ancl perhaps
the increase in the fluid pressure clue to heating the coronal plasma)
causes the overlying arcacle to become unstable and erupt. Of course
our scenario dots not preclu(ie  addit ional reconncctions also taking
place clscw}lcrc  in the erupting structure and/or later in the process,
as suggested in many other scenarios.

As noteci earlier, the process wc h:~v~ stl]died i s  a genera]i~atior~  o f  a
process modeled by Steinolfson  (1992). IIe consiclcrecl the case when
the orientation of the emerging flux was the same as that in t}]e
overlying arcacle. “J”hus reconnection did not play a central role and
the only effect of the emerging flux was to add new flux to the
:ircades in the alrcaciy existing c)ver]ying s t ruc ture . In our case, flux
is adcled in such a way as to form magnetic islands. In either case
the overlying structure must adjust to the increased ficlc~ strength.
It] the Stein olfson  case the new flux is anchored in the solar sLirface
and the tension in the new ficlcl helps to stabilize the str L]cture
ag:linst  CMI1 e r u p t i o n . In our case, t h e  ma, gnctic  islancls a r e  n o t



:Inchorcd in the sun. ‘1’hc (lc:st;llliliz;~lioll effect  of t h e  incrcasc i n  flux
is  not  o~)poscd by m a g n e t i c  tcrlsion. ‘1’bus, if the newly  cmcrgir)g  flux
i s  f a v o r a b l y  or-icntcd  lor rcconncctior]  w i t h  t h e  prc-cxistirlg  flux, the
Iargc scale c o r o n a l  s t r u c t u r e  s h o u l d  bc f]lorc  unstabic  t o  c.ruption
than when the ncw flLlx cannot reconnect  with the arcade. ‘1’his is
exactly what wc have observed as shown in ‘1’able 1.

Our scenario, emphasizing the importance o f  n e w l y emerging
favorably oriented flL]x in the destabil ization of CMJ{S,  does not
conflict with scenarios that are basc(i on the effects of shearing. “J’he
shearing o f  m a g n e t i c  ficlcis can be due t o  a  v a r i e t y  o f  c a u s e s
including the emergence of new flL]x. ]ndecci,  in their stL]ciy of flare
initiation RL]st and Cauzzi  (1992) emphasize the shear resulting from
the emergence of new flux. Many numerical models based on shear,
however, are more conccrneci  with shear dL]e to  foo tpoin t  mot ions
a n d  d i f f e r e n t i a l  r o t a t i o n .  O u r  o b s e r v a t i o n s  i n d i c a t e  t h a t  t h e
emergence of new favorably oriented magnetic flux also plays an
important role in the destabilization of most CMF~s. It is interesting to
note that both new flux emergences and large scale shearing occur in
I;MSS during their evolution. ‘1’he relative importance of large scale
shear and of emerging flux in CMIl initiation may be a function of the
age of the 13 MS, wi th  the  f lux  emergence  be ing  more  impor tan t
dur ing  the  ear ly  ( f la r ing)  and mid-life (mid lat i tude quiescent
filament) stages of the l~MS and lCSS important for the latest stages
characterized by the highest latitude filaments.

‘1’he iclea that t}~e l a rge-sca le  magnet ic  f ie ld  s t ruc tures  over ly ing
active regions and filaments arc destabilized by newly emerging flux
reconnecting with the existing lines of force is an attractive one and
the  s tud ies  repc]rted  here  s t rongly  suppor t  the  no t ion  tha t  th i s
process is involvcci in the initiation of most CM}ZS. This finding can
be of great  importance for (he prediction of geomagnetic storms and
major solar proton events, bo th  of  which  a re  caused  by CIMIis (cf .
Gosling,  1993). Observation of magnetic f]L]x newly emerging in
active reg ions  or  in  the  v ic in i ty  of  f i l aments ,  may well  provicle
several clays warning of impending CMI~s, p r o t o n  e v e n t s  ancl
geomagnetic storms.
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1. ‘1’he eruption of the “bugle” of June 19S5. ‘J’}]c corona] image  taken
June 11 (before the eruption) is subtracted from the image taken
about a day later (after the eruption). The clashed line shows the
outer rim of the coronagraph occult ing disk. Density enhancement
anct depletion regions typical of a CME  are seen (see text). The
coronal density is enhanced (seen as white speckles) to either side of
a dark region. A depletion (shown as grey speckles) is seen below
and between the enhancements. ‘1’he S t a n f o r d  magnetogram d a t a
from June 12 has been superposed on the solar disk and shows the
large-scale structure of the photospheric  magnetic field

2. Active regions observed for four days during the development of
the bugle, before the eruption of the CM1l.

3, A filament eruption of F’eb. 22, 1992 and the associated emerging
flux. ‘1’hc new active region forms in the filament channel.

4. The filament eruption of Sept. 14, 1991 is seen in the region
encircled with a broken line. ‘l’he new active region forms adjacent
to a large-scale single polarity magnetic ficlcl region. This large-scale
rcgi on is one of t}le two that make  up the magnetic field reversal in
which the erupting filament forms. “1’he polarity of the new active
region  favors reconnection A filament that clid not erupt is encircled
w i t h  a solid line. ‘J’he polari ty of the eruptin: flux di(i no t  favor
reconnection for the encircled filamcn(.  See text.

5. A non-erupting filament seen on Sept. 23 ,  1991. ‘J’he m a g n e t i c
f’iclds a r c c o n f i g u r e d  m u c h  l ike  those  shown for  the  crL]pting
filament in figure 4 except that the polarity of the emerging field is
rcvcrscdo “l’he polarity of the emerging flux is not favorable for
reconnection find the filament di~i not erupt.



6. S c h e m a t i c  0[ (he proccsscs [akin: place at the interface between
(I1c newly emerging flux and  [he prc-existing.  c o r o n a l  a r c a d e  i n  o u r
scenar io .
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I“larc and f’ilament

lMany e a r l y  stL]dies of

Appendix : l)cfi niticons

associations lvith ChlI’;s.

CMI~ associations with flares  ancl/or f i l ament
C[llp[io[ls l]sd the S()]ar and ~Je@[)hysical  ])[i[[i reports [0 identify the
solar events. l;or  these reports, the optical flare  data and filament
eruptions arc derived from examination full disk II-alpha data. ‘1’he
x-ray flares arc from the CJOIiS soft x-ray observations. ~Jsing those
lists,  some CMIis  were seen to be associateci  with f lares,  some with
filaments and some with both. It is in the same spirit  that the terms
“flare associated” aIl(f “quiescent filament associated” arc used in
this paper. IIowever, most of our data was obtained directly from
the observations, as described in the body of the paper. Recently it
has been shown that many flares appearing in the 10830 Ile line are
not visible in 11-alpha (K. IJarvey, personal  communication).  Other
flares may be so weak as to be unobserved. The question of whether
all CMFls are accompanied by flares but some of the accompanying
flares are small or not seen in either 11-alp}]a or soft x-rays is beyond
the scope of this paper.

lJ~ studies of corc)nagraph images of CMES about half the CMES do not
appear  to have associations with events visible on the solar disk.
Coronagraphs observe CMIIS projected against the plane of the sky.
let us assume, for the moment, that all CMES are associated with
some solar surface activity. Assume further that t}~e sLlrface feature
is at some distance from the limb of the sun. It is clear that the
probability that the CMI1 will rise above t}le limb of the sun is the
same whether the associated feature appears on the visible sicle of
the sun or on the far side. q’bus, in c)n]y half of the cases would the
s~]rface feature be observable. ~’his is  in agreement with the the
resu l t s  o f  s tud ies  which  f ind  tha t  about  ha l f  o f  C.MIIS can  be
associated with an observed surface feature; implying that the vast
]najority  (if not al]) CIMl{s arc associated with solar  surface activity.

F i l a m e n t types .

We (distinguish five types of solar filaments:

1) l;ilamcnts occurring in active rcgiol]s. “1’hese fi]fiments f o r m  i n  t}]c
p o l a r i t y  r e v e r s a l  r e g i o n s  in active re~:ion complcxcs. I:ilaments o f
(his type have been climinatc<i from ouf - data set .



2) Quicsccnt f i l aments . ‘1’hcsc filaments form in the polarity reversal
r e g i o n s  bctwccn l a r g e - s c a l e  photosphcr’ic  areas of sin:lc dominant
l~olari lies. “1’heir l’ortnation is associated with the (iccaycd  remnants
of active regions.

3) l;order f i laments. “J’hcsc form on the outside borclers o f  ac t ive
regions.

4) Polar crown filaments. ‘1’hcse form in the most polcward polar i ty
reversal rcgiona T h e  l a r g e - s c a l e  f i e l d s  clefining  these filament
channels are very weak.

5) Subpolar crown filaments. These  filaments are in the second  to the
most poleward polarity reversal regions.

l~ilament l o n g e r t h a n  10  d e g r e e s .

‘1’he l ength  of  each f i lament  was  es t imated  us ing  a  Stoneyhurst
cliagram (a grid of latitude and longitude drawn on a circle the size of
the s o l a r  i m a g e  u s e d ) .  “l’he m e a s u r e m e n t  was  made along the
filament itself rather than just considering the distance between the
two ends of the filament. In some cases the candidate filament was
fragmentary in that the filament channel was filled in some places
and not in other places. We required that at least one fragment be at
least  10 degrees in length.

}“ilament e r u p t i o n ,

A filament was said to erupt if at least half the filament or a section
10 degrees long (whichever is longer) is present on the image of the
sun one day and is absent some time in the next few days. N40st of
these f i l a m e n t s  e r u p t e d  i n  a  sin:lc clay bLlt a f e w  erL[pt~d o v e r
several days. Occasionally less than half the filament erupted. These
cases were omitted from the statistical parts of the stL]dies since they
could n o t  b e  u n a m b i g u o u s l y  assigrled to either the c a t e g o r y  o f
“erupting” or “not erupting”.

I t  }):1s been s h o w n b y  n u m e r o u s  early studies that  almost all
filnrncnts eventua l ly  e rupt  (Kiepenhcuer, 1 9 5 3 ) . Rarely do they
Or:~d~l:~lly fade :lway.a After mnny eruptions the channel in which the
filament had formed can still bc seen outlined in the 11 alpha images.



t\ new f i l a m e n t  m a y form in  the  old filamc.nt  c h a n n e l .  ‘1’his s e c o n d
f i l a m e n t  e v e n t u a l l y  e r u p t s  again.

Vicinity o f  a f i l a m e n t .

Quiescent filnments are anchored i n  c h a n n e l s  t h a t  f o r m  b e t w e e n
two large-scale regions of opposite magnetic polarity, whereas the
assoc ia ted  CMI{S involve the coronal  arcades that span  the  two
magnetic regions. ‘1’he “vicinity of a filament” was ciefinecj relative to
the magnetic fields seen on the full disk magnctograms. l’he active
reg ion  was saicj to be in t}le vicinity of a filament if it appeared in
the polarity inversion associated with the filament or within or near
the edge of the regions of single dominant polarity fields which
bordered the polarity inversion. Thus the “vicinity” was defined
from the photospheric magnet ic field observations rather than the
heliographic distance.

Active reg ion o r i e n t a t i o n s  f a v o r a b l e  f o r  r e c o n n e c t i o n .

If the newly emerging flux appeared within the filament channel, the
orientation was considered favorable for reconnection (see figure 3).
If  the f lux appeared on the outer edge of the presurmed m a g n e t i c
field arcade anchored in the large-scale single polari ty regions
bordering the filament channel, then the orientation was considered
favorable when the polarity was arranged so that reconnection was
fac i l i t a ted  ( f igure  4) .  If t h e  o r i e n t a t i o n inhibitec]  reconnec t ion
(figures 4 and 5) the orientation was said to be unfavorable. A few
active regions were oriented so that they were neither favorable nor
unfavorable. In adcjition, if an active region appeared inside one of
the single polarity regions, it was said to be neither favorably nor
unfavorably oricrlted,

Itrllption o f  a filtimcnt a s s o c i a t e d  Ivith  a nc~v active r e g i o n .

As usual in stucjies of this kind, the sun did not make it easy for us to
coLlnt events. It did not pay adequate attention to the categories we
would have liked to use. It would have been easier if each new
aclive r e g i o n  w a s  i n  t h e  v i c i n i t y  o f  c)nly one i“ilamcnt or if eac}l
f i l a m e n t  was near only one new active rc, gion, IIowcver, in a few
cases, there were two filaments in the vicin
either filament erupted we countccj the even
‘1’here were also, occasionally, more that] one
vicinity of a single filament. If the filament

ty of a single spot. If
as a f i l a m e n t  erLrption.

new active region in the
erupted we counted that



as a s ingle  event . In one case there were three spots associated with
two filament eruptions. It was Counted as two Cvcnts.

iNotc also that wc used two different lists, one based on filaments and
onc based on new active regions. “1’hcy were collected over two
overlapping but not identical time periods so that many, but not all
events studied were on both lists. ‘1’hc cliffercnces  in the lists are the
reason  tha t  the  numbers  of  events  in  the  clifferent  stu(!ies  to not
appear to bc compatible at first glance. “l’he reason for using a
longer time period for the erupting filament list was that we wanted
to get a large enough sample  (30) to have a statistically convincing
result during the filament study. Since the results of the emerging
flux study was so strongly significant with the smaller sample, we
feel that it is not necessary to extend that study to a larger sample,



CON’1’INGI;NCY TADI,I~ COMf)ARING l:ll.,AMIiN’I’ JH<[JIYI’ION (CIMIi) ANII
N] iWI,Y l;MIXGJNG  11’J ,lJX

YES NO

13MERG1NG
F’I.UX IN YES 17 5
VICINITY
or’
FI1.AMIiNT#? N O 5 26

* note: All the filaments in this table were longer than 10 degrees.
#note: The orientation of the emerging flux relative to the arcade
fields is not considered in this table.



TA1]I. K: 11

ORII{NTA’1’1ON 01: llMfiRGING l(l.UX

FAVORAB1.E
FOR RECONNEC1’1ON

1~11.AM1iNT 17
I{J<U1~ED
----- ----- ----- ----- ----- ---- ----- --
1~11 .AMENT o
1)11) NOT ERUPT

I< IiI.A”I’lVfi ‘1”0 EXISI’ING  ARCAIIIi

l_ JNh’AVORA131.E NJ: I’I’l IER
I~OR RECONNJK’1”1ON

2 2

----- ----- ----- ----- ----- ----- ----
3 3
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